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(57) Abstract 

A partially cr>'stalline copolyamide formed from an aromatic carboxylic acid that is terephthalic acid or a mixture of ter- 
ephthalic acid and isophthalic acid containing less than 40 % of isophthalic acid, and an aliphatic diamine that is a mixture of 
hexamethylene diamine and 2-methyl pentamethylene diamine. The aliphatic diamine is at least 40 %, molar basis, of hexamethy- 
lene diamine and the amount of isophthalic acid plus 2-methyl pentamethylene diamine is in the range of 15-35 %, molar basis, of 
the total amount of aromatic carboxylic acid and aliphatic diamine. The copolyamides have a melting point of 280-330 ^ C. The 
copolyamide preferably has a heat of fusion of greater than 17 J/g. The copolyamide may be moulded into anicles« spun into fi- 
bres or formed into films, and used in a wide variety of end-uses especially where high temperature properties are required. 
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TEREPHTHALIC ACID COPOLYAMIDES 
The present invention relates to copolyamides of terephthalic acid, 
optionally containing isopiithalic acid^ and mixtures of a diamine e.g. 
hexamethylene diamine, and 2-methyl-l,5-pentamethylene diamine, and especially 
5 to copolyamides Iiaving melting points of at least 280* C» and in embodiments of 
greater than 300 

Polymers formed from terephthalic acid and diamines are known in the 

art. For instance, US Patent 2 752 328 of E.E. Magat, which issued 1956 June 

26, describes a polymer formed from terephthalic acid and a methyl-substituted 

10 diamine having from 6 to 8 carbon atoms in the hydrocarbon chain of the 

diamine. It is disclosed that corresponding polymers formed from 3-methyI- 

pentamethylene diamine were spinnable polymers but the fibres obtained were 

weak and brittle. The patent does not disclose copolymers. UK Patent 914 456 

of W.R. Grace & Co., published 1963 January 02 discloses shnilar polymers 
« 

15 formed from ethyl-substituted diamines. 

Japanese patent publication 82-41027 of Toyo Rayon, published 1969 
August 23, discloses a method for the manufacture of polyamides from 
terephthalic acid and pentamethylene diamines havuig methyl substituents on the 
hydrocarbon chain. Reference is made to the process described hi the 

20 aforementioned patent of Magat. The Japanese reference exemplifies the 
polymerization of 2-methyl pentamethylene diamine and terephthalic acid hi the 
presence of water in a sealed system. 

Japanese published patent application (Kokai) 61-162550 of K. Hikami et 
al, published 1986 July 23, discloses polyamides formed from 0.4-0.6 mole of 

25 aromatic diamines and/or aromatic carboxylic acids per mole of polyamide- 
monomer formhig composition, which have melting points of 250-300 ""C. If the 
polyamide is formed from both terephthalic acid and isophthalic acid, then the 
ratio of those acids roust be hi the range of 4:6 to 6:4. A number of diamines are 
disclosed, includuig 2-methyl pentamethylene diamine, but all of the examples 

30 illustrating the invention are of copolymers of terephthalic acid, isophthalic acid 
and hexamethylene diamine. Polymers havtaig melthig pohits of above 300 'C 
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were Stated to have poor moldability. 

It .has now been found that copolymers of terephthalic acid, optionally 
uiduduig isophfhalic acid» and mixtures of hexamethylene diamine and 2-methyI 
pentamethylene Aamfaie, in wliich copolymers the amount of isophtlialic acid is 
5 less flian 40%, and having melting points above 280'' C may be formed and that 
such polyamides are capable of bdng melt processed. 

Accordingly, the present invention provides a partially crystalline 
copolyamide formed from aromatic carboxylic add and aliphatic diamfaie, said 
aromatic carboxylic add behig sdected from the group consisthig of terephthalic 
10 add and mixtures of terephthalic add and isophthalic acid in which nuxtures the 
amount of isophthalic acid is less that 40%, molar basis, of the mbdure, and said 
aliphatic diandne is a mixture of hcxamethylene diamine and 2-methyl 
pentamethylene diamme, said aliphatic dianune contauiing at least 40%, molar 
basis, of hcxamethylene diamine, said copolyamide having a mdting pohit in the 
15 range of from 280 « to 330 * C. 

In a preferred embodunent of the copolyamide of the invention, the 
amount of isophthalic acid plus 2-methyl pentamethylene diamine is 15-35%, 
molar ba^, of the total amount of aromatic carboxylic add and aliphatic 
diamine. 

20 In a further embodunent, the carboxylic add is terephthalic acid. 

In yet another embodiment, the heat of fusion of the copolyamide is 
greater than 17 J/g. 

The present invention also provides a process for the preparation of a 
copolyamide comprising the steps of: 

25 (a) feeding to a reactor an aqueous salt solution of an admixture of 

aromatic carboxylic acid and aliphatic diamme, said aromatic carboxylic add 
being selected from the group consisting of terephthalic acid and mixtures of 
terephthalic acid and isophthalic acid in which mixtures the amount of 
isophthalic acid is less that 40%, molar basis, of the mixture, and said aliphatic 

30 diamine is a mixture of hexamethylene diamine and 2-methyl pentamethylene 
diamine, said aliphatic diamme contaming at least 40%, molar basis, of 
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hexametbylene diamine; 

(b) heating the aqueous salt solution under pressure until the pressure 
in the reactor reaches at least 1300 kPa, i^ater and other volatile matter being 
vented from the reactor; 
5 (c) when the temperature of the reaction mixture has reached a 

temperature of at least 250 *C, reducing the pressure in the reactor to 
atmospheric pressure over a period of at least 15 minutes in a manner that avoids 
excessive foaming of the reaction mixture; 

(d) mauitahiing the reaction mixture at a pressure that is not greater 
10 than about atmospheric pressure until the copolyamide has reached a pre- 

deternuned molecular weight; and 

(e) discharging the copolyamide so obtained from the reactor. 

In a preferred emboduhent of the process of the invention, in step (d) , the 
reaction mixture is maintained under a vacuum. 
15 In a further embodhnent» the temperature in step (c) is in the range of 

270-3WC. 

In another embodunent, the copolyamide has a melthig point of greater 
than 300' but less than 330-C. 

The present invention further provides a fibre formed from a partially 

20 crystalline copolyamide formed from aromatic carboxylic acid and aliphatic 
diamine, said aromatic carboxylic acid behig selected from the group consisthig 
of terephthalic acid and mixtures of terephthalic acid and isophthalic acid in 
which mixtures the amount of isophthalic acid is less that 40%, molar basis, of 
the mixture, and said aliphatic diandne is a mixture of hexametbylene diamine 

25 and 2-methyl pentamefliylene diamine, said aliphatic dianune contahiing at least 
40%, molar basis, of hexametbylene diandne, said copolyamide having a melting 
pouit in the range of from 280* to 330 *C. 

In a preferred embodunent, the fibre is formed from a copolyamide that 
has a heat of fusion of greater than 17 J/g. 

30 In a further.embodunent, the fibre has a tenacity of at least 1-5 g/denier 

and a modulus of at least 30 g/denier. 
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In anoflier anbodiment, flie copolyaitiide of the fibre has an inherent 
viscosity in tlie range of 0.5 to 1.5 dL/g, espedaUy in the range of 0.8 to 1.1; 
inherent viscosity bring measured on a 5g/dL solution of m-cresol at 25* C. 

The present inventton relates to partially crystalline copolyamldes f onned 
5 finmananniaticcarboxyUcaddandamixtureof hexametfaylenediamuieand 
2-nietlvlpentamethylaiedianihie. The aromatic caibracylic add Is terephthalic 
acid or a mixture of terephthalic acid and isophflialic add. In such mixtures, the 
amount of isophtfaalic add is less than 40%, molar basis, of the mfarture. In 
preferred embodunents, the add is 100%, molar ba^, of to^ephthaUc add. 

10 The mnounts of add and diamhies diould be substantially complementary 

on a molar basis, as wiU be appreciated by persons sidlled in the art. An excess 
of adds or diamuies, espedaDy the latter, may be used dependtaig on the desired 
diaraderistics of the copolyamide and the nature and extent of side reactions 
that may produce volafile or other matter. The ratio of hexamethylene diandne 

15 to 2-methyI pentamethylene diandne is at least 40:60 i.e. at least 40% of the 
aliphatic diamhie is hexamethylene diamtoe, on a molar basis. In addition, the 
amount of isophtfaalic acid plus 2-methyl pentamethylene diamfaie is preferably 
hi the range of 15-35%, molar basis, of the total amount of aromatic carboxyUc 
add and aUphatic dianune, espedafly ui the range of 20-30%, molar basis, of the 

20 total amount of aromatic carboxylic add and aliphatic diamine. 

The copolyamides of flie presmt faivention have a melting potat of greater 
than 280* and less than 330* C, especially greater than 300 In addition, flie 
copolyamide is a partially crystalline polymer, ratiier tiian an amorphous 
polymer. In embodhnents, the polymer has a heat of fusion of greater than 

25 17 J/g. Crystallinity may be determined using a differential scanning 
calorimeter. 

In. an embodiment of the hivention, the copolyamide is prepared in a 
polymerization process in which an aqueous salt solution of the aromatic 
carboxylic adds, hexamethylene diamine and 2-methyl pentameUiylene diamhie 
30 is fed to a reactor. The presence of 2-methyl pentamethylene dianune appears 
to moderate branchhig fliat is understood to occur hi a copolymer of terephthalic 
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acid, isophthalic acid and hexamethylene diamine. Hie molar amount of 
aromatic acid is substantially complementary to the total molar amount of the 
diamines, as discussed above. As is Imown, diamines tend to be more volatile 
than carboxylic acids and thus it may be desirable to feed an excess of diamine 
5 to the reactor. 

In an embodiment of the process, the aqueous salt solution is heated in a 
reactor (autoclave) under pressure until the pressure reaches at least 1300 kPa, 
preferably at least 1900 kPa. Water and other volatile matter, which may 
include diamine, is vented from the reactor. When the temperature of the 

10 reaction mixture has reached at least 250 *C, especially a temperature in the 
range of 270-310 *C, the pressure in the reactor is then reduced to atmospheric 
pressure over a period of at least 15 minutes, especially 20 to 90 minutes. The 
pressure is reduced in a manner that minimizes or avoids excessive foaming of 
the reaction mixture hi the reactor. Anti-foam agents may be added to reduce 

15 the amount of foaming. The reaction mhrture is then maintained at about 
atmospheric pressure or under a vacuum until tihe copolyamide has reached a 
predetermined molecular weight. The copolyamide thus obtained is discharged 
from the reactor. It should be understood, however, that the copolyamides may 
be manufactured using solid phase polymerization, extrusion polymerization, 

20 continuous polymerization and the like. 

The copolyamides of the invention may be blended with stabilizers, flame 
retardants, smoke depressants, plastidzers, conductive and/or anti-static agents, 
lubricants and mould release agents, nucleating agents, dyes and pigments, fillers 
including glass fibres, mmerals, toughening and other modifying agents, and 

25 other additives that may be used in polyamide compositions. Examples of heat 
stabilizers include copper(I) halides e.g. bromide and iodide, and alkali halides 
e.g. lithium, sodium and potassium bromides and iodides, which may be used 
with or without phosphorus compounds. Examples of the latter are phosphites, 
phosphines, phosphates and alkali metal salts of phosphorus acids e.g. sodium 

30 phenyl phosphmate, sodium hypophosphite, triaryl- and tris(alkylaryl) 
phosphines e.g. tri-n-butyl phosphuie, phenyl dhnethyl phosphine and triphenyl 
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phospMne. The organic heat stabilizers include hindered phenols and hindered 
ammes, as well as UV stabilizers and phenolic metal deactivators. Nucleating 
agents hiclude talc, calcium fluoride and salts of phosphorus acids, for example 
sodium phenyl phosphinate. 
5 A wide range of fillers may be used e.g. fai amounts of 0.5-200 parts of 

finer per 100 parts of copolyamide. Examples of such fillers include, but are not 
Ifanited to, rilica, metasilicates, ahmdna, talc, diatomaceous earth, day, kaoUn, 
quartz, glass, mica, titanhun diQ]dde, molybdenum disulphide, gypsum, iron 
oxide, line oxide, fibres e.g. glass, carbon, boron, aromatic and ceramic fibres, 

10 powdered polytetrafiuoroefliylene and the like. 

The copolyamides may be used in die manufacture of products ushig melt 
processbig techniques, espedaDy products intended for use at temperatures that 
are iiigher than those typically used with other polyamides. For example, the 
copolyamides may be formed into artides using huection moulding technology 

15 e.g. into valves, tanks, containers, washers and the like for automotive end-uses, 
hito artides for electrical end-uses e.g; parts requhing resistance to temperatures 
of 2W C or above, and artides where retention of mechanical properties under 
the faifluence of heat, moisture, hydrocarbons, alcohols indudfaig so-called 
gasohol, and the like are fanportant. Altemativdy, the polymers may.be spun 

20 mto fibres e.g. for sewmg or uidustrial threads for end-uses where low shrinkage 
and dongation are hnportant and/or retention of properties under the hifluence 
of moisture, hydrocarbons, alcohols and the like is hnportant. The copolyamides 
may also be formed hito flhn and sheet. Barrier properties of the copolyamides 
to water and oxygen may also find uses. The copolyamides may be particularly 

25 useful for end-uses where r^ention of properties at devated temperatures is 
required, induding as retortable containers. 

In embodunents of the invention, the copolyamide is in the form of a 
fibre, or filament. The fibre preferably has a tenadty of at least 1.5 g/denier 
and a modulus of at least 30 g/denier.. 

30 The present mvention is illustrated by the following examples. 
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Fxample I 

A 12 litre reaction vessel equipped with a helical ribbon agitator and a 
tbermowell to measure reaction temperature was charged with 1271g (8.588 
moles) of 78.53% (weight basis) aqueous hexamethylene diamine solution, 998g 
5 (8.588 mole) of 2-methyl pentamethylene diamine, 2659g (16.006 mole) of 
terephthalic acid, 12g of 47% (weight basis) of aqueous sodium phenyl 
phosphinate solution, 6 ml of 10% (weight basis) Carbowax® 3350 polyethylene 
glycol in water and 1200g of demineralized water. 

With the reactor agitator rotatuig at 50 rpm, the mixture was heated to 

10 130* C and then vented to remove entrained oxygen. Subsequently, the reaction 
mixture was heated to 232 *C. With the reaction pressure being maintained at 
2400 kP^, volatile matter was released over a period of 43 minutes, during which 
time the temperature of the reaction mfacture rose to 275 ' C. The pressure in the 
reactor ^as then reduced to atmospheric pressure over a period of 48 minutes, 

15 the temperature in the reaction mixture rising to 320 * C; the rate of agitation was 
reduced to 6 rpm when the temperature had reached 318 *C. 

The reaction mixture obtained was mahitained under a vacuum (pressure 
reduction) of 40 kP^ units for 15 minutes. The polymer obtained was then 
discharged from the reactor and quenched in a water bath. 

20 The copolyamide obtained had an inherent viscosity (IV) of 0.98 dl/g; in 

this instance, inherent viscosity was measured on a 0.5 g/L solution in 
concentrated sulphuric acid at 25*C. The polymer had a melting point of 
301 *C, as measured by differential scanning calorimetry (DSC). 

25 A copolyamide similar to that described in Example I, with a heat of 

fusion of 29.4 J/g, was fllled with glass fibre, mineral or toughening agent, 
moulded into test bars and subjected to a series of physical property 
measurements. The copolyamide used in this example was a copolymer formed 
from hexsqnethylene diamfaie and 2-methyl pentamethylene diamine (1:1) and 

30 terephthalic acid. 

The glass filled copolyamide samples were prepared as follows: the 
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copolyatnide was blended in a V-shaped blender vH0i a copper antioxidant, a 
pliosphite antioxidant (bgafoS* 168) and talc (about 0.35%). The resultant 
blended mixture and sHanated long glass fibres were then fed through separate 
porte of a 20 nun Wdifing Ekigbieers twfai screw extrudo* that was operated with 
5 an extrusion temperature of 312* C under vacuum. Ibe resultant reinforced 
copolyamide was passed through a stranding die and chopped into pellets. In one 
conqiodtion contahiing 49 parte of glass fibre per 100 parts of copolyamide, the 
conqiosition contained 4000g of copolyamide, 23g of antioxidant, 23g of talc and 
1990g of silanated long glass fibres. la anodier composition contataUng 75 parts 
10 of glass fibre per 100 ports of copolyamide, the composition contained 3800g of 
copolyamide, 68g of antioxidant, 23g of talc and 2936g of silanated long glass 
fibres. 

The rubber toughened compo^ons were prepared by blending 80.9 parts 
by w^ht of a copolymer having an inherent viscosity, measured in concentrated 

15 sulphuric add, of 0.83 dl/g and a melthig pofait of 301- C, with 10 parts of a 
fumarie add-grafted dfaylene/propylene/hexadiene copolymer, 9.1 parts of an 
dhylene/propylene/bexadiene copolymer and 0.25 parts of talc. The blending 
was carried out bi a 28nun Werner & PDdderer twhi screw extruder, usmg a 
mdt temperature of 347- C and a vacuum of €1 kPa. Ibe resultmg extrudate 

20 was quenched in watier, cut Into peUets and sparged wlfli nitrogen until cool to 
remove surface moisture. The dried compo^ion was moulded and tested. 

Ibe mineral rdnforced compositions were prepared by blending 59.4 parts 
of the copolymer used to prepare the rubber toughened compositions, with 0.6 
partsbywdght.ofgamma-amhiopropyltriethoxysilane for 10 minutes. 40 parts 

25 of Satintone™ Special clay were then added and tumble blotded for 15 nunutes. 
The resultant mixture was mdt blended ki the Werner & Pfldderer extruder 
usmg a mett temperature of 350«C and a vacuum of 54kPa. The extrudate was 
quenched in water, cut into pellets and sparged with nitrogen until cool. The 
composition was then moulded and tested. 

30 The copolyamide compositions were moulded into test spedmens using an 

Engel* or a Boy kuection mouldhig machuie. The test samples were Type I 
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tensile bars as specified in ASTM procedure D638, and 1/4" and 1/8" flexural 
bars as specified in ASTM procedure D790. The specimens were moulded using 
a mould temperature of SO^'C and an extruder barrel temperature of 320 ""C. 
Measurements were made using the following ASTM procedures: Flexural 
5 Modulus - D790; Tensile Strength - D638; Notched Izod Impact Strength - D256. 
Melting point and heat of fusion were determined under a nitrogen atmosphere 
ushig a differential scannmg calorimeter (Du Pont 912 DCDSC), at a rate of 
temperature rise of 10 *C per minute, the temperature at the top of the 
endothermic curve being deemed to be the melting point. Glass transition 

10 temperature was determined by differential mechanical analysis at a rate of 
increase in temperature of 5*C/minute, operated under a nitrogen atmosphere. 
Storage Modulus is measured using the procedure of ASTM D 4065*82, 
Measurements are made of viscoelastic behaviour using dynamic mechanical 
analysis, which provides infonnation on an elastic component, known as storage 

15 modulus, and on a viscous component', known as loss modulus. Measurements 
made while the temperature Is being changed lead to infonnation on the Tg of the 
polymer, a heating rate of 5*C being used; data on Tg reported herein was 
obtained from a plot of storage modulus against temperature, being the 
temperature of significant decrease hi storage modulus with increasing 

20 temperature. 

As a comparison, tests were also conducted on Zytel® 70G33 glass-filled 
polyhexamethylene adipamide. Comparative data was also measured on Zytel 
101 polyhexamethylene adipamide. 

The results obtained are given ui Table I. The copolyamide (Runs 3-7) 

25 had a melting point of 302 * C and a glass transition temperature of 126 * C. The 
polyhexamethylene adipamide (Runs 1*2) had a melting point of 265 'C and a 
glass transition temperature of 61 *C. 
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Amount 
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3 4 



glass 
0 49 



glass mineral tough* 
49 75 tf7 



flexural Modulus (10^ kg/cn^, 23«0 
DAM** 28.9 91.6 32.2 
50%RH 12.3 63.4 34.9 

Tensile Strength (kg/cn^, 23 "Q 
DAM 845 1900- 796 

50%RH 789 1270 831 



95.8 
91.6 



1900 
1830 



Notched Izod Impact Strength (10^ kg/cmS 23 'Q 
DAM 5.45 10.9 3.27 7.09 

50%RH 11.5 10.9 2.4 7.09 



116 
113 



2110 
2040 



8.73 
8.73 



64.9 
73.8 



958 
796 



3.27 
2.18 



23 



23J0 
228 



620 
627 



905 

^85 



79.6 


93.0 


110 


62.0 


88.1 


109 


44.4 


84.5 


94.4 


39.5 


52.8 


59.9 



25" C 

50'C 
125-C 
150'C . 

* toughener, a blend of 12 parts of a grafted polyolefin formed by high 

temperature grafting and 11 parts of EPDM elastomer 
** DAM = dry as moulded 

NOTE: Runs 1-2 are polyhexameUiylene adipamide and Runs 3-7 are 
copolyamide of the invention. 

This example shows that the unfilled copolyamides are stiffer than 
polyhexamethylene adipamide and resistant to moisture, as shown by the 
retention of stiffness at tacreased relative humidity. Similar behaviour was 
observed ui glass-filled, mineral-fdled and toughened compositions. 

A copolyamide of the type used hi Example H was subjected to a 
fibre-spinning process. Hie copolyamide was pumped at a rate of approxhnately 
2.2 kg/hr through a die with seven orifices, having a diameter of 0.23 mm, at a 
spinneret temperature of 318»C, and then drawn over a series of hot rolls and 
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plates to achieve the overall draw ratio. 

The tensile properties of the fibre viz. modulus, breaking strength, 
tenacity and elongation, were measured using an Instron® apparatus. Shrinkage 
was measured by exposing the fibre to hot ah* at a temperature of 177 * C for two 
5 minutes and measuring the amount of shrinkage. 

The yam obtained had a high modulus and a low hot air shrinkage. 
Farther details and the results obtained are given in Table n. Fibre 
properties were measured on fibres with 7 filaments 

10 

Run No. 8 9 10 

Decitex 92 56 48 

Draw Ratio 3.2 4.3 4.8 

15 Fibre Properties 

Break Strength (Newtons) 
Elongation (%) 
Tenacity (gram/denier) 
Modulus (gram/denier) 
20 Shrinkage (%) 

Note: Decitex is measured by the procedure of ASTM D-1907; 

Break Strength, Elongation, Tenacity, Modulus and Shrinkage are 
all measured by the procedure of ASTM D-885; Break Strength is 
25 reported in Newtons, Elongation is reported in percent, Tenacity 

and Modulus are reported in g/denier, and Shrinkage is reported 
in percent. 

This example shows that fibres may be spun from the polymers described 
30 herein. It is believed that the draw ratio obtained was unportant with respect to 
the properties of the fibres, and that the draw temperatures may have been 
significant factors in the operation of the fibres process. 

Example TV 

A series of polymers were prepared from terephthalic acid and isophthalic 
35 acid and a mixture of hexamethylene diamine and 2-methylene 
pentamethylenediamuie by polymerization in an autoclave. Further details and 
physical characteristics of the polymers obtained are given in Table III; the glass 
transition temperature information was obtained on samples that had been 



1.6 


1.7 


1.8 


20 


10.6 


8.5 


2.0 


3.5 


4.2 


34 


63 


88 


1.3 




5.5 



wo 92/10525 



.91/00442 



25 



moulded. 



Run No. 

Composition 

6T 

61 

TMFMDj: 



11 



-12- 
12 13 



55 tiO 
5 0 
40 40 



50 
10 
40 



14 



€0 
10 
30 



15 



60 
10 
30 



16 



50 
40 
10 



17 



50 
20 
30 



10 Inherent Viscosity (dl/g) 



0.94 0.90 0.72 0.77 0.79 0.74 0* 



301 


306 


295 


309 


305 


288 


302 


rature, 


T 








113 


124 


149 


143 


140 


138 


141 


122 


117 


106 


114 


110 






73 


76 


70. 


73 


74 






32.9 


37.4 


26.8 


34.8 


38.0 







Melting Pt CO 
Glass Transition tern 
15 DAM 
50%RH 
100%RH 

Heat of Rision g/g) 

20 

Note: Inherent Viscosity was measured hi sulphuric add, except for Runs 16 and 
17 where m-cresol was used; the methods of measurement are believed to be 
substantially equivalent. 

The results show effects of use of mixtures of terephthalic acid and 
isophthaUc acid in the manufacture of the copolyamides, and the effect on the 
properties of the polymer obtained. 

^amole V 

30 An autoclave was charged with 51.30 g (0.3089 mol) of terephthalic acid, 

26.26 g (0.2260 mol) of hexamethylene diamine in the form of an aqueous 
solution^ 11.46 g (0.09865 moD of 2-methyl pentamethylene diamine, 36.77 g of 
water (total amount) and 0.15 g of sodium phenyl phosphbiate; this represent a 
charge of 30.4% of 2-methyl pentamethylene diamine and 69.6% of 

35 hexamethylene diamine. A pressure of nitrogen (200 kPa) was applied, at 
ambient temperature, and the autodave was heated to 290 • C; ventuig was begun 
at approxhnately 270'C, controlled by a release valve set at 2400 kPa. After 90 
mfaiutes, the mdt temperature had reached 290* C, and the pressure was reduced 
to ambient over a period of one hour, during which time the mdt temperature 
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increased to 310 •C. The melt was held at ambient pressure and 310 *C for 10 
minutes after which the polymer was permitted to cool to about 50 under 
nitrogen pressure before removal from the autoclave. 

A sample of milled dried polymer had an uiherent viscosity of 0,85 dl/g, 
5 a melting point of 328 * C and a heat of fusion of 49.33 J/g. 

Examnle VI 

This example illustrates the heat agmg properties of 6T/2MPMD,T (50:50) 
copolymer and nylon 66, 

The polymers were dry blended with heat stabilizer or antioxidants in a 
10 blender. The resultant mixtures were then compounded with glass fibres using 
a 20 mm twin screw extruder, from Welding Engineermg Inc., to fonn heat 
stabilised rehiforced polymer compositions. These compositions were then 
ix^ection moulded into tensile bars using the procedure described in Example II. 
The tensile bars were suspended in an hot ah: circulating oven for the 
15 period of time (see Table IV below) at a constant temperature of 180 ' C, At the 
spedfied- time interval, five tensUe bars of each composition were withdrawn 
from the oven and sealed bito moisture proof bags. TensUe strength was 
subsequentiy determined on dry-as-moulded (DAM) samples, using the procedure 
ofASTMD638. 
20 The results obtauied are given hi Table IV. 
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15 



20 



25 



30 



35 



Run No. 
Polymer 

Copper Halide Stabiliser, wt% 
Liganox* 1098, wt% 
Naugard* XLrl, wt% 
Nangard* 445, wt% 
LrgafoS* 168, ^% 
Talc, wt% 
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18 
66 

0.40 



19 20 
COPOLYM. CXSPOLSM 



0.40 



0.35 



0.25 
0.20 
0.25 
0.35 
0.40 



33 


33 


40 


100 


100 


100 


69 


75 


58 


43 


58 




32 


58 


38 



Fibreglass, wt% 

Retentioii of Tensile Strength 
after heat agmg, % 

Ohr 

2256 hrs 
3360 hrs 
4704 hrs 

The copolymer exhibited better retention of properties (tensile strength) 
on heat aging than nylon 66 when ushig flie same quantity of the inorganic heat 
stabilizer. When usmg organic stabiUzers, the copolymer exhibited sunilar 
retention of tensUe strength after aguig for 4704 hours as did the nylon 66 usfag 
the copper halide stabilizer. 

Rmmple Vn 

This example illustrates flie effects of nucleating agents on the 
.6T/2MPMD,T (50/50) copolymer. 

Samples of the polymer were compounded with nudeatmg agents using a 
dngle screw extruder, as shown hi Table V. During the preparation of the 
samples, a small quantity of a benzenesulfonamide-type plasticiser was used as 
a binding agent for the nudeants. 

A differential scanning calorimetry (DSQ method was used to analyse the 
nudeatmg effect on the polymer, by comparison of the freezing points of the 
compositions containing nucleating agent*. 

Further details and the results obtained are givep hi Table V. 
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Run No. 



21 



22 



23 



24 



10 



15 



20 



25 



30 



Plastkiser, wt% 

Nucleating agent 
Type 



0.0 



DSC Results 
Melting Point, *C 
Freeze Point, "C 
Difference, 'C 



0.0 



304 
262 
42 



0.2 



sodium 
phenyl 
phosphinate 

0.5 



303 
272 
31 



0.2 



talc 



0.5 



303 
278 
25 



0.2 



caiiion 
black 



0.1 



303 
272 
31 



Due to the slow crystallization rate of the copolymer, nucleating agents 
were shown to be effective in improving the crystallization rate, as indicated by 
an increase in the freeze point. 

Example Vm 

This example illustrates the properties of compositions of 6T/2MPMD,T 
(50:50) copolymer contahiing <S0% by weight of glass. 

Polymer was compounded with 1/8" fibreglass in a twin screw extruder 
using barrel temperatures in the range of 325-355 • C. The fibreglass was fed into 
the extruder through a side port located about half-way down the barrel of the 
extruder. The resultant compositions were extruded and moulded into ASTM 
test bars for physical properties testing, using procedures described above in 
Example n. 

The results obtained are given in Table IX. 
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25 

100 
0 



26 

40 
60 



1630 

31000 

4 



2760 
2.1 

205000 

3960 

14.1 



Run No. 

5 Polymer content, wt% 
Flbreglass content, wt% 

Properties 

TensUe Strength, kg/cm^ 
10 Elongation, % 

Flexural Modulus, kg/cm^ 
Flexural Strength, kg/cm^ 
Notched Izod, k^-cm/cm 

15 The copolymer was capable of being compounded as a composition 

contauiing 60% by weight of glass fibres. The mechanical properties of the fibre- 
containing composition were strongly enhanced compared with the un-fiUed 
composition. 

Example IX 

20 Plastic containers, approx. 250 ml in internal volume and 0.89 mm in 

nomfaial wall thickness, were hy'ection moulded from a copolymer of 
hexamethylene diamine and 2-methyl pentamethylene diamme (50:50) and 
terephthalic acid that had an hiherent viscosity of approxunately 0.75 dL/g; 
uiherent viscosiQr was measured on a 0.5g/L solution of m-cresol at 25 C. These 

25 contafaiere were conditioned for 2 hours ui a "pressure cooker", to simulate a 
sterilization process in a retort autodave. 

The conditioned cbntabiers were then filled with water, sealed with an 
aluminum disc, using an epoxy cement to form an impermeable closure, and put 
in an atmospheric chamber, set at 20'C/50% relative humidity (RH). Weight 

30 loss of the contauiers was monitored at regular Intervals. After a period of three 
(3) weeks exposure, the moisture permeation rate was calculated to be 0.0028g 
water/day for each container. 

In comparative tests, containers made of nylon 6,6 evaluated under sunilar 
conditions ^Ibit a moisture permeation rate fliat Is 10-20X higher than the 

35 copolyamide described above. Thus, the effect of use of the aromatic acid in the 
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copolyamide as well as replacement of part of the diamine with 
2-methyIpentamethylene diamine resulted in a significantly decrease in the 
moisture barrier properties, compared with nylon 6,6. 

Exampte ^ 

5 A 12 litre reaction vessel equipped with a helical ribbon agitator and a 

thermowell to measure reaction temperature, was charged with 2659g (16.01 
moles) of terephthalic acid, 935.3g (8.06 moles) of 2-methyl pentamethylene 
diamine, 1597,9g (8.06 moles) of 58.53% (weight basis) aqueous hexamethylene 
diamine solution, 205.9g (1.03 moles) of dodecamethylene diamine, 12g of 47% 

10 (weight basis) of aqueous sodium phenyl phosphinate solution, 6 ml of 10% 
(weight basis) Carbowax* 3350 polyethylene glycol in water and llOOg of 
demineralized water. 

With the reactor agitator rotating at 50 rpm, the mixture was heated to 
130 *C and then vented to remove entrained oxygen. Subsequently, the reaction 

15 mixture was heated to 237* C. With the reaction mixture being maintained at a 
pressure of 2.443 MPa, volatQe matter was released to the atmosphere over a 
period of 68 minutes, during which time the temperature of the reaction mbcture 
rose to 275 *C. The pressure in the reactor was then reduced to atmospheric 
pressure over a period of 70 minutes, during which thne the temperature in the 

20 reaction mixture rose to 320* C. The rate of agitation was then reduced to 5 
rpm. 

The reaction mixture obtained was maintahied under a vacuum of 40 kPa 
units for 15 minutes. The polymer obtained was discharged from the reactor and 
quenched in a water bath. 

25 The copolyamide obtained had an inherent viscosity (IV) of 0.90 dL/g; 

inherent viscosity was measured on a 0.5g/L solution in m-cresol at 25* C. The 
polymer had a melting point of 300 *C, as measured by differential scanning 
calorunetry (DSC), and a Tg (DAM, Dry As Moulded) of 127* C, as measured 
by differential mechanical analysis (DMA). 

30 This example illustrates the preparation of copolyamide using a mbcture 

of three aliphatic diamines. 
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Example XI 

This example illustrates the use of a two step process for the manufacture 
of the copob^de in which a polymer of a low uiherent viscosity is 
manufactured to an autoclave and then further polymerized fa the solid state to 
5 a polymer having a hi^er inherent viscosity. 

A copolyamide, made accordtog to a process ^mllar to that described hi 
Example I, but havtog an toherent viscodty of 0.77 dUg, was placed fa an ah- 
tight contatoer, through which dry N, gas was cfacuhited contfauously. The 
contafaer was placed fa an oven, which was set to give a polymer temperature of 
10 222 -C or 245 "C; the N, was stiU befag cuxuhited. Samples were taken at 
regular fatervals to determfae the rate of change of faherent viscosity of the 
pdymier. 

Amfae ends were measured by add^base titration fa phenol/methanol 
(90/10) as solvent, usfag a solution of perchloric acid fa water (O.IN). Inherent 
15 YiscosiQr was measured fa sulphuric add. 

The results obtained were as follows: 

TABLE Vn 

TfaieOiis) 0 4.5 7.25 8 16 24 

20 Polymer Temperature = 222 "C 

Inherent viscosity 0.77 0.85 0.84 - 0.91 

Amfae ends 92 81 83 - 68 - 

Polymer tonperature s 245 *C 
25 Inherent viscosity 0.77 - - 0.90 0.99 1.05 

Amfae ends 92 - - 68 73 76 

This example illustrates solid phase polymerization of copolyanudes of the 
30 favention. 

EYfligpIe Xn 

To further illustrate solid phase polymerization, copolyamides similar to 
that of Example I were polymerized fa a 12L autoclave under conditions similar 
to those given fa Example I except that the vacuum cycle was omitted. The 
35 polymer was discharged from the autoclave and quenched fa a water bath 
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immediately after reduction of the pressure to atmospheric pressure. 

The polymer obtained was placed in a small-scale solid phase 
polymerization unit, where it was heated to 240 » C under a steady flow of dry 
gas. Samples were taken at regular intervals. 

The results of measurement of inherent viscosity (dL/g), measured in 
sulphuric acid, obtained were as follows: 

TAPLEVm 



10 



TuneOire) 0 7 14 

Polymer 



A 0.64 0.91 1.07 

B 0.66 1.04 1.18 

C 0.69 1-08 1.25 

IS D 0.73 l.«3 1.18 

This example further illustrates the use of solid phase polymerization in 
the manufacture of copolyamides of the invention. 

Example XIH 

20 A copolyamide was prepared in an autoclave from a terephthalic 

acid/isophthalic acid mixture (95/5 mole ratio) and a mixture of hexamethylene 
diamine/2-methyl pentamethylene diamine (50/50 mole ratio). The polymer was 
made under conditions similar to those given in Example I, except (a) the 
constant pressure-hold cycle was conducted at 1.896 MPa, and (b) the pressure 

25 let-down cycle was started when the melt had reached a temperature of 300 ' C. 
The copolyamide thus obtained had an fasherent viscosity of 0.67 dL/g. It was 
then further polymerized in a solid-phase reactor so as to obtain a poljiner 
having an inherent viscosity of 0.80 dL/g. 

The properties of the copolyamide thus obtahied were compared with 

30 those of a copolyamide of terephthalic acid and hexamethylene diamhie/2-methyl 
pentamethylene diamine (50/50 mole ratio) with an inherent viscosity of 0.91 
dL/g. Data was obtained from ii^ection-moulded samples of the copolyamide as 
well as for the copolyamide filled with 33% by weight of glass fibre. 
The results obtained were as follows: 
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TABLE IX 

Polymer. EE F F G G 

Glass content (%) 0 33 0 33 0 33 

5 Properties 

Inherent Viscosity (dL/g) 
(in-cresol) 0.67 - 0.80 - 0.91 - 

Amine ends 164 - 119 - 86 - 

10 CX>OHends 10 - - - 10 - 

Melting pt. CO 296 - 296 - 300 - 

Tensile strengtli (MPa) 
IS ' 39.3 182 67.6 194 62.7 198 

Elongation (%) 3.4 7.4 6.4 8.4 5.9 8.2 

Flexural modulus (MPa) 
20 3061 9515 2965 9239 2861 9813 

Notched Izod (J/m) 

30 88 46 89 37 77 

25 Heat deflection temperature CC at 1.82 MPa) 

141 257 146 253 147 264 

Note: Polymer E was formed from terephthalic and isophthaUc adds (95/5 mole 
ratio) copolymerized with hexamethylene diamine and /2-methyI 
30 pentamethylene diamine (50/50 mole ratio); 

Polymer F was Polymra: E that had been subjected to solid phase 
polymerization; and 

Polymer G was a copolyamide of terephthalic acid copolymerized 
witii hexamethylene diamine and 2-methyl pentamethylene diamine 

35 (50/50 mole ratio) 

This example illustrate flie properties that are obtauiable with 
copolyamides of the invention. 

Ryample XIV 

40 Ushig procedures substantially as described in Example I, a series of 

copolyamides were polymerized from terephthalic acid, isophthaUc acid, 
hexamethylene diamine and 2-metfayl pentamethylene dianune. 
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The polymers were tested for melting point and temperature of 
crystallization. The copolyamide as obtained from the polymerization apparatus 
was subjected to differential scanning calorimetry (DSC), to determine the initial 
melting point. The copolyamide was then cooled and the temperature of 
5 crystallization was obtained. Finally, the copolyamide was reheated and the 
"final" melting point was determined. 

Further details and the results obtained are given in Table X. 
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300 
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281 
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47.5 
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25 


298 


274 


3B 
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45/10/45 
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22.5 


296 








45/05/50 


47.5 


2.5 


25 


25 


295 


263 


37 




40/30/30 


35 


15 


35 


15 


296 


271 


ZB 



Note: T = terephthalic acid 
25 I = isophthalic acid 

HMD = hexamethylene diamine 

2-MPMD = 2-methyI pentamethylene diamine 

T„ = initial meltmg point 

Tc ^ temperature of crystallization 
30 Tf final melting pouit 

This example illustrates the variety of copolyamides that may be 
manufactured from the four reactants, and the range of melting and 
crystallization points obtained. 
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CLAIMS; 

1. A partially crystalline copolyamide formed from aromatic 
carboxylic add and aliphatic diamine, said aromatic carboxylic acid being 
selected from the group consisting of terephthalic add and matures of 

5 tereplitbalic add and isophflialic add in whidi mfactures the amount of 
isophfhalic add is less that 40%, molar basis, of the ndxture, and said aliphatic 
diamhie is a m&rture of hexamethylene diamhie and 2-methyl pentamethylene 
aamine, said aliphatic diamine contafaihig at least 40%, molar basis, of 
hexamethylene diamine, said copolyamide ha^g a melting point in the range of 
10 from280- to330'C. 

2. The copolyamide of Clafan 1 hi which the amount of isophthalic 
add plus 2-methyl pentamethylene diamme is 15-35%, molar bads, of the total 
amount of aromatic carboxylic add and aliphatic diamine. 

3. Hie copolyamide of Clafan 1 or Claim 2 m which the aromatic 
15 carbo^^lic acid is terephthalic add. 

4. Hie copolyamide of Claim 1 or Claim 2 in which the aromatic 
carboxylic add is a nuxture of terephthalic add and isophthalic acid. 

5. The copolyamide of any one of Claims 1-4 in which the melting 
pomt is in the range of 280-300 * C. 

20 6. The copolyamide of any one of Claims 1-4 in which the melting 

point is hi excess of 3Q0«C. 

7. The copolyamide of any one of Claims 1-6 in which the heat- of 
fusion of the copolyamide is greater tlian 17 J/g. 

8. A process for the preparation of a copolyamide comprising the steps 

25 of: 

(a) feeding to a reactor an aqueous salt solution of an admixture of 
aromatic carboxylic add and aliphatic diamme, said aromatic carboxylic acid 
bemg selected from the group consistmg of terephthalic acid and mbctures of 
terephthalic add and isophthalic acid hi which mixtures the amount of 
30 isophthaUc add is less that 40%, molar basis, of the nuxture, and said aliphatic 
diamme is a mixture of hexamethylene dianune and 2rmethyl pentamethylene 
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10 



15 



20 



25 



diamine, said aliphatic diamine containing at least 40% » molar basis* or 
hexamethylene diamine; 

(b) heating the aqueous salt solution under pressure until the pressure 
in the reactor reaches at least 1300 kPa, water and other volatile matter being 
vented from the reactor; 

(c) when the temperature of the reaction mixture has reached a 
temperature of at least 250 *C» reducing the pressure in the reactor to 
atmospheric pressure over a period of at least 15 minutes in a manner that avoids 
excessive foamhig of the reaction mixture; 

(d) maintaining the reaction mixture at a pressure that is not greater 
than about atmospheric pressure untU the copoly^nide has reached a pre- 
determined molecular weight; and 

(e) dischargmg the copolyamide so obtained from the reactor. 

9. The process of Claim 8 in which the amount of isophthalic acid plus 
2-methyl pentamethylene dianune is 15-35%, molar basis, of the total amount of 
aromatic carboxylic acid and aliphatic diamine. 

10. The process of Claim 8 or Claim 9 in which, in step (d), the 
reaction mixture is maintained under a vacuum. 

11 . The process of any one of Claims 8-10 in which the temperature in 
step (c) is hi the range of 270-310 *C. 

12. The process of any one of Claims 8-11 in which the pressure in step 
(b) is at least 1900 kP&. 

13. A fibre formed from a partially crystalline copolyamide formed 
from aromatic carboxylic add and aliphatic diamine, said aromatic carboxylic 
acid being selected from the group consisting of terephthalic acid and mixtures 
of terephthalic acid and isophthalic acid in which mfactures the amount of 
isophthalic add is less that 40%, molar basis, of the mcrture, and said aliphatic 
diamine is a mixture of hexamethylene diamine and 2-methyl pentamethylene 
diamhie, said aliphatic diamine containing at least 40%, molar basis, of 
hexamethylene diamine, said copolyamide having a melthig point in the range or 
from 280* to 330 "C. 
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14. The fibre of Claim 13 in wliich Oie amount of isophthalic acid plus 
l-meOiyl pentamefb^ene diamine b 15-35%^ molar basis, of the total amount of 
aromatic carboxylic acid and aliphatfc diandne. 

15. The fibre of Ciahn 13 or Cfadm 14 in fdiich the fibre is fomed 
5 fromacopolyamidethathasaheatof fbsion of greater than 17 J/g. 

16. Hie fibre of any one of Clahns 13-15 in which the fibre has a 
tenadty of at least 1.5 g/denier and a modutais of at least 30 g/denler. 

17. The fibre of any one of Clainis 13-16 hi viiich the copolyamide of 
the fibre has an inherent viscodty hi the range of 0.5 to 1.5 dL/g. 

10 18. The fibre of Clahn 17 hi ^ch the inherent viscosily is hi the range 

of 0.8 to 1.1 dlig. 

1!>. A iiim?m''g composiflon comprisfaig the copolyandde of Clahn 1 

and 5 to 200 parts by weight of a filler. 

20. A moulding compo^tion compii^g the copolyamide of Clahn 1 
15 and at least one of additive selected from the group consisthig of stabilizers, 

flame retardants, smoke depressants^ pbstidzers, conductive agents, anU-static 
agents, hibricants, mould release agents, nudeatfaig agents, dyes, pigments, 
filters, T^orcfaig agents, ndnerals, tou^enhig and other modifyhig agents. 

21. The copolyamide of any one of Clahns 1-7 hi the form of a filament 
20 or fibre. 

22. The copolyamide of any one of Clahns 1-7 hi the fonn of a moulded 

article. 

23. - The copolyamide of any one of Clahns 1-7 hi the form of a fihn or 

sheet. 
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•orm PCT/XSA/ZXO Caxtra shaat) CJanuai*y 1985) 



ANNEX TO THE INTERNATIONAL SEARCH • REPORT 

ON INTERNATIONAL PATENT APPLICATION NO.PCT/CA 91/00442 

SA 54022 



Pa tint document 
cittd in saarch raport 



Pttblleation 
data 



Pattnt family 



Publication 



WO-Al- 9115537 



17/10/91 



EP-Al- 0384859 



29/08/90 



EP-A2- 0310752 



12/04/89 



FR-A- 


2660316 


04/10/91 


AU-D- 


4987590 


30/08/90 


CA-A- 


2007568 


21/08/90 


FR-A- 


2643377 


24/08/90 


JP-A- 


2247224 


03/10/90 


CA-A- 


1207941 


15/07/86 


EP-A-B- 


0122688 


24/10/84 


JP-B- 


3057137 


30/08/91 


JP-A- 


59161428 


12/09/84 


US-A- 


4863991 


05/09/89 



For mora daiiiU aboul this annw : aaa Official Journal d tha Curapaan paianl Oflica, Ho- 12/82 
EPO FORM P0478 



